SYNOPSis The use of the dye calcon (1-(2 hydroxy-l-naphthylazo)-2-naphthol-4 sulphonic acid) for the estimation of calcium using E.D.T.A. and a commercial photoelectric titrimeter is described. The interfering effects of magnesium and phosphate have been overcome. The method has been extended to estimations on biological materials.
The dye calcon (1 (2 hydroxy-l-naphthylazo)-2-naphthol-4 sulphonic acid), which was investigated by Hildebrand and Reilley (1957) and adapted for use in serum calcium estimations by Golby, Hildebrand, and Reilley (1957), appears to be a real improvement on murexide, in both stability and colour change. Aqueous solutions of calcon produce a blue colour between pH values of 7-4 and 13-5. Below pH 7-4 and above pH 13-5 the indicator is red. At approximately pH 13, where magnesium is quantitatively precipitated as the hydroxide, only calcium ions react with calcon to form a red coloured complex. Thus under these conditions the calcium-calcon complex can to titrated with E.D.T.A. (ethylenediamine-tetra acetic acid) from a red to a pure blue end-point without interference from magnesium.
In our experience, however, the visual end-point described by Golby et al. (1957) is not sufficiently sharp to give highly accurate results. Also as sera vary greatly in tint the colour of the end-point will vary accordingly. We therefore made use of a commercial titrator and galvanometer, which gave a far more accurate determination of the end-point. A single calcium estimation using this apparatus takes less than three minutes. The method has been adapted satisfactorily for calcium estimations in serum, urine, food, and faeces. EXPERIMENTAL galvanometer was used throughout the work described. The instrument consists basically of a colorimeter with a built-in magnetic stirrer. Flanged beakers (4 ml. capacity) are supplied which are correctly located in the light beam which is focused at the centre of the solution in the beaker. Various Ilford filters can be selected for use as necessary.
As no error in the end-point is caused by moderate dilution of the sample it was unnecessary to use a micrometer syringe when titrating with E.D.T.A. Therefore a 2 ml. Excello automatic micro burette2 graduated in 0.01 ml. divisions was used. The burette was modified by fitting it with a diaphragm plastic tap3 which permitted accurate 0-01 ml. additions. The burette jet was either drawn out finely or the tap fitted with a hypodermic needle.
OPTICAL CONDITIONS FOR TITRATION The exact position of the absorption peaks, the molar extinction, and the stability of the colour of the free calcon and of the calcium complex are all dependent on pH. Above pH 13 the stability and the extinction of the free calcon is greatly reduced SOLUTION Into the 4 ml. beaker pipette 1 ml. dilute calcium standard, and add 0-5 ml. 2N NaOH and 0-2 ml. dilute calcon indicator. With medium to maximum sensitivity setting and using the Ilford 603 filter, titrate until the end-point begins to change colour, and re-set the galvanometer zero control to obtain a zero reading. Add the E.D.T.A. in 0-02 ml. or 0-01 ml. quantities. The end-point is determined as above. This can be interpolated to within 0-01 or 0-005 ml. if 0 02 ml. or 0-01 ml. additions are used.
The titration reading should be 0-5 ml. of E.D.T.A. for 1 ml. of the dilute calcium standard after allowance for the blank reading. The E.D.T.A. can be adjusted or a titration factor applied.
DETERMINATION OF REAGENT BLANK Using analytical reagents the blank values are extremely low (approximately 0-005 ml.) and to evaluate them it is necessary to follow Wilkinson's (1957) method of titrating a standard solution to past the end-point, adding more standard to the beaker and re-titrating.
Titration 2 -titration 1 = true reading of standard Titration 1 -true standard reading = blank reading TITRATION OF SERUM Into the 4 ml. beaker pipette 0-5 ml. serum and 0-5 ml. 2N NaOH and 0-2 ml. dilute calcon indicator and approximately 0-5 ml. of distilled water to adjust the level of the solution above the light path. Titrate as above using increased or maximum sensitivity for lipaemic or coloured sera.
When necessary satisfactory results can be obtained on 0-2 ml. of serum using titration additions of 0-01 ml.
E.D.T.A.
CALCULATION Using 0-5 ml. serum calcium (mg./100 ml.) = titration reading x 10 x 2. STORAGE OF CALCON SOLUTION Satisfactory results were obtained with stock calcon and dilute calcon solution stored at room temperature up to a period of eight weeks and three weeks respectively. Storage in a deep freeze cabinet or refrigerator considerably increased the period of stability.
OPTIMUM CALCON CONCENTRATION It was found that the optimum calcon concentration was that which gives a free dye extinction of about 0-2 to 0 3 at 490 mrn. Using the indicator specified above this corresponds to 0-2 ml. dilute indicator as in the method described. The indicators obtained from British Drug Houses and Hopkins and Williams had to be made up to double the concentration indicated. These indicators appear to give an inferior visual end-point but can be used with the titrimeter.
RESULTS

RECOVERY OF CALCIUM ADDED TO SERUM Varying
amounts of calcium were added to three normal sera by adding stock calcium standard to the titration beaker after pipetting the serum. Table I indicates Jaundiced serum (total bilirubin also lipaemic Jaundiced serum (total bilirubin = 18 4 mg./100 ml.) the satisfactory recoveries obtained. Similar recovery experiments were carried out on lipaemic, haemolysed, and icteric sera. In such cases visual colour change varies according to the colour of the original serum, and, in most cases, the galvanometer sensitivity setting should be increased to give satisfactory deflection readings. In cases of gross lipaemia the maximum sensitivity setting should be used. Table I indicates satisfactory recoveries in all cases investigated.
EFFECT OF MAGNESIUM Magnesium is precipitated at the pH used in the method, and it was considered possible that calcium might be co-precipitated or that the precipitate formed might interfere with the end-point. Varying amounts of stock magnesium standard were therefore added to the titration beaker after pipetting the serum or calcium solution. 
phosphate level of 10 mg./100 ml. Bett and Fraser (1959) noted that the interference was directly related to the concentration of phosphate in the titration solution and not to the ratio of the calcium and phosphate ions. Thus by further dilution of the titration solution with 1 ml. or 2 ml. of water the level at which phosphate interferes can be raised to 15 to 20 mg./100 ml. If this dilution is carried out a corresponding increase in the amount of calcon dye should be made. Since 2N NaOH is used to give the high pH for the titration, the dilution can be made without going below pH 13. However, if many estimations EFFECT and 480% morpholine nitrate. 480% morpholine nitrate is made by adding 500% 1-fNO3 to 28 ml. morpholine until the solution is neutral followed by dilution with water to 100 ml. We found that it was essential to add 500% HN03 very slowly to morpholine cooled below 0°C. If the temperature is allowed to rise above 5°C. the resultant reagent may result in discoloration of the calcon giving poor end-points and high blank values.
2 Sodiuim tungstate 66o% w/v Na2 WO421-2O MORPHOLINE NITRATE PRECIPITATION Two millilitres of the sample, prepared to contain approximately 20 mg. Ca/100 ml., 1 ml. sodium tungstate, and 2 ml. morpholine nitrate-nitric acid reagent are mixed thoroughly, allowed to stand for one hour at room temperature, and centrifuged for 10 minutes at 3,000 r.p.m.
TITRATION Pipette 1 ml. supernatant, 0 5 ml. 2N NaOH, and 0-2 ml. dilute calcon into a titration beaker and titrate as previously described. mg.Ca/100 ml. prepared sample test -blank r; 10 x 2-5 RESULTS WITH URINE Direct titrations are possible on urine (0-5 ml. or 0 2 ml.) with low phosphate concentrations but may become rather difficult on urine with large concentrations of phosphate. The calcium content of 23 urines was therefore estimated by the morpholine nitrate method described and for comparison by preliminary oxalate precipitation of calcium followed by titrations with E.D.T.A. and calcon. With this method I ml. of 4% ammonium oxalate was added to 2 ml. of urine (pH 5) and 2 ml. Abscissa By morpholine niitrate precipitation followed bY
of water. After mixing and leaving for one hour the precipitate was centrifuged for 10 minutes at 3,000 r.p.m., the supernatant decanted off, and the precipitate dissolved in 0 5 ml. 2N HCI and made up to 4 ml. with water. One millilitre of solution (= 0 5 ml. urine) was titrated with E.D.T.A. and calcon. Figure 2 gives the results obtained and shows good agreement between the two methods. The Figure 4 shows that the results are closely comparable but it has been found unnecessary to use this longer method for routine work. However, in METHOD The use of the apparatus is the same as described for the estimation of calcon. The Eriochrome black T colour change is sharper than that of calcon and the change of optical density is greater, so that the sensitivity settings of the galvanometer must be lowered.
CHECK ON E.D.T.A. STANDARDIZATION Into the titration beaker pipette I ml. or 1 2 ml. magnesium dilute standard and add 2 ml. of dye buffer solution. Titrate with E.D.T.A. until the full colour change has been observed and the E.D.T.A. titration figure giving the greatest galvanometer deflection noted. 1 ml. magnesium standard = 0-833 ml. E.D.T.A. 1-2 ml. magnesium standard 1 ml. E.D.T.A. It is useful to cross check the E.D.T.A. solution both with the magnesium standard and Eriochrome black T and with the calcium standard and calcon. After allowing for blank values there should be complete agreement of standardization.
TITRATION OF TOTAL CALCIUM AND MAGNESIUM IN SERUM
Into the titration beaker pipette 0-5 ml. serum, add 1 ml. dye buffer solution, and titrate as before. Maximum accuracy is obtained using 0-01 additions of E.D.T.A. TheplH of the dye buffer and serum is approximately 10-5.
Calcium only is estimated on a further 0-5 ml. of serum as described previously. CALCULATION The titration for magnesium equals the total calcium and magnesium titre minus the titre for calcium only. [Mg (mg./100 ml.) = titre Mg x 2 x 5/ standard reading (1 ml. Mg/100 ml.) were added to a serum content and after titration the recoveri C. H. Bowden and Valerie J. Patston 
